The oldest known species of Phlebotominae, Phlebotomites longifilis and P. brevifilis, two fossil records described from Lebanon, lived about 120 millions years ago (MYA) (Lewis 1982) . The evolution of Phlebotominae since that time was probably driven by major tectonic events and related climatic changes that affected Pangaea. Phlebotominae are bloodsucking insects of temperate and tropical regions showing significant differences in ecological adaptations, endemism, relictuality and species richness. They include important vectors of Leishmania spp., Bartonella sp. and Phleboviruses.
The systematics of this subfamily, especially at the supraspecific level, has always been controversial (Lewis & Dice 1982 , Lane 1986 ). In the last two decades, a conservative approach based on practical criteria (Lewis et al. 1977) led to the present subdivision of the Phlebotominae into six genera: three Old World (OW) genera: Chinius (1 species), Phlebotomus (10 subgenera) and Sergentomyia (7 subgenera), and three New World (NW) genera: Brumptomyia (22 species), Warileya (6 species) and Lutzomyia (26 subgenera) (Lane 1993 , Young & Duncan 1994 . This "stable" clas-sification (Lewis et al. 1977 ) has been generally accepted, though it was considered as premature by some experts of the NW sand fly fauna, and different conceptions have been applied (Forattini 1973 , Ready et al. 1980 . Recent attempts to bring evolutionary insight into this classification were those of two independent doctoral theses (Rispail 1990 , Galati 1992 . They used Hennigian methodology (Hennig 1972) based on 100 (Galati 1992) and 28 (Rispail 1990 ) adult morphological attributes. According to these studies, the NW genus Warileya (Rispail 1990 , Galati 1992 ) and the OW Spelaeophlebotomus and Australophlebotomus (Rispail 1990 ) (both Phlebotomus subgenera) appeared to have older, more ancient origins than suggested by the present taxonomic classification (Rispail & Leger 1998a) . Both studies disagreed, however, on the evolutionary status of the NW genus Brumptomyia that is close either to Lutzomyia (Rispail 1990) or to Phlebotomus (Galati 1992) , as well as that of the OW genus Sergentomyia (not included in our material), clustered with Spelaeophlebotomus (Rispail 1990) or with Lutzomyia (Galati 1992 (Galati , 1995 .
In the absence of available or relevant outgroup for Phlebotominae, we used a phenetic approach based on dissimilarity indexes, called here quantitative phenetics. By this appellation, we mean a non-phylogenetic approach intended to generate hypotheses about evolutionary history, and based on quantitative characters. It may be regarded as a heuristic device subject to capture some evolutionary trends among not too closely related organisms, where higher probability exists of agreement between phylogenetic and genetic divergences ). We applied it here to the males of some species of sand flies belonging to widely different genera. Quantitative characters are needed because they are more suited to estimate genetic differences than morphological attributes. To increase their likeliness of producing relevant information about evolutionary history, they must be submitted to appropriate analyses. An UPGMA tree was derived from genetic distances for isoenzyme electrophoresis (Nei 1987 . A canonical variate analysis (multivariate discriminant analysis) was applied to metric data (Pimentel 1992 , Sorensen & Foottit 1992 . Both statistical techniques have proved informative to outline evolutionary trends in other organisms (Simon 1992 .
MATERIALS AND METHODS
Isoenzyme electrophoresis and morphometry were applied to the same adult males of the following nine species ( (Table I ). The classification adopted here is from Young and Duncan (1994) , who consider Psychodopygus as a Lutzomyia subgenus, but we grouped L. toroensis with two related species (L. isopsi and L. oligodonta ) in the recently created Lutzomyia subgenus Oligodontomyia (Galati 1995) .
Twelve enzyme systems (ALDH, AP, HK, GPD, GPI, IDH, ME, MDH, PEP, PGM, XDH and XO) were run on cellulose acetate according to Richardson et al. (1986) and Dujardin et al. (1996) . For genetic relatedness analysis, a phenetic approach was preferred to a cladistic one because our material did not include an outgroup for Phlebotominae (see however comments of Fig. 1 ). As an immediate measure of genetic divergence, we computed the Jaccard's distances (Jackson et al. 1989 ) which do not depend on gene frequencies or on locus counting (Table III , below diagonal). From these distances, an UPGMA tree was constructed.
Using a camera lucida, we measured eight characters using features of the head (AIII, third antennal segment; EP, epipharynx; P5, fifth palpomere); the wing (WL, wing length, WW, wing width) and the genitalia (GF, genital filaments; GP, genital pump; LL, lateral lobe). Size-free variables could not be derived from our (log-transformed) data because of lack of highly significant correlation between the first pooled within-group principal component and some variables (Dos Reis et al. 1990 ). Thus, discriminant analysis included size and shape variation. The derived Mahalanobis distances (Mahalanobis 1936) (Table III , above diagonal) were also submitted to the same UPGMA tree-making method as for distances derived from electrophoretic data ( Fig. 1, right side) .
The correlation between Jaccard and Mahalanobis distances was explored by the Mantel test (10,000 runs), and illustrated by the exponential relationship between both distances. 
RESULTS
Isoenzyme analysis -Each enzyme produced bands for each specimen. A total of 95 different electrophoretic band positions was recorded. In the total sample covering both OW and NW species, 37 alleles were found unique to one species, i.e. some species had one or more alleles not shared with other species. Notably, the NW genus Lutzomyia showed no unique allele. The maximum number of shared alleles between two species was found between a NW (L. longipalpis) and an OW (P. papatasi) species, while the minimum number of shared alleles was found between either OW (Spelaeophlebotomus with Australophlebotomus) or NW representatives (see Warileya with either Psychodopygus or Oligodontomyia) ( Table II, top) . Subdividing the total sample into OW on one hand, and NW on the other hand, unique alleles were found more abundant in the former region (74% versus 56%), although it was represented by one genus only (Phlebotomus). Conversely, the proportion of alleles each region shared among its own taxa was lower in the OW (16/61, 26%) than among the four NW taxa belonging to three different genera (34/77, 44%). Both regions shared a total of 43 alleles (45%, i.e. 43/95) ( Table II, 
bottom).
Metric analysis -Although data were log-transformed before multivariate analysis, only three (37%) characters (EP, WW, LL) had a distribution Lutzomyia. Although the two Warileya species showed striking differences in size, they were clustered together in the metric tree, indicating poor size-effect in the disclosed relationships. Using Warileya as a tentative outgroup, Hennigian methodology on isoenzymes produced a similar tree (results not shown). Presentation and scaling of the trees were obtained by TREE VIEW 1.5.2 (Copyright © Roderick DM Page, 1998 -r.page@bio.gla.ac.uk) on tree files generated by the PHYLIP 3.4 package.
that conformed with normality, and only two were compatible with homoscedasticity (equal variances among groups) (detailed results not shown). Normality and homoscedasticity are the current assumptions of discriminant analysis (also called canonical variate analysis), however departure from these assumptions are known to have little influence on analysis (Pimentel 1992) . Discriminant analysis was highly significant (P < 0.000 after Wilk's test) (Wilks 1932) .
Correspondance between analyses -Both trees produced the same topology except for the closer clustering of Warileya and Australophlebotomus after morphometric analysis, or the closer clustering of Warileya and Spelaeophlebotomus after isoenzyme analysis. These three genera were the most external ones in both trees (see Fig. 1 ). Grouping them into one OTU (organizational taxonomic unit), morphometrics and isoenzyme data produced the same topology. For at least six OTUs to produce by chance an identical topology after different techniques, the estimated probability was 0.001 (1/945, see Nei 1987 p. 290) .
A further measure of agreement between both approaches was the significant correlation (Mantel test, P = 0.0028 after 10,000 runs) disclosed between Mahalanobis and Jaccard' s distances, which was illustrated here by an exponential relationship (Fig. 2) .
DISCUSSION
In our material composed of male specimens, three taxonomic groups are located on different continents, (i) the OW Phlebotomus and Spelaeophlebotomus, (ii) the Australasian OW Australophlebotomus and (iii) the remaining NW taxa. As vicariant products after fragmentation and resulting drift of Gondwanan plates (Lewis et al. 1977 ), these groups should have important geological times of divergence between them. For such distant taxa, electrophoresis of isoenzymes is usually not recommended , while discriminant analysis on continuous characters, which was used here as an exploratory "phylogenetic" tool (Sorensen & Footit 1992 , Sorensen 1992 , remains controversial (Crespi 1992) .
Neither proteic nor metric trees respected geography (Fig. 1) ; they were, however, very similar between them, and this congruence was hardly compatible with chance alone. Cladistic trees based on adult morphology showed similar patterns as ours regarding the external positions of Warileya (Rispail 1990 , Galati 1992 and Spelaeophlebotomus (Rispail 1990 , Rispail & Leger 1998a , but disagreed regarding the respective positions of Brumptomyia and Psychodopygus, both of which are closer to Lutzomyia than to Phlebotomus. Note, however, that between Lutzomyia (NW) and Phlebotomus (OW), Rispail (1990) did not produce distances significantly higher than zero. Three salient features were shared by electrophoretic and metric data, (i) a high degree of divergence of either Spelaeophlebotomus (OW) or Warileya (NW) with other taxa, (ii) a slightly lower degree of divergence of Australophlebotomus (Australasian region) with South America, relative to Africa, and (iii) the pairing of Phlebotomus (OW) with Lutzomyia (NW), closer together than to any other genera or subgenera with which they were expected to show more affinities.
The pairing of the OW subgenus Spelaeophlebotomus with the NW genus Warileya after isoenzyme analysis in a separate, external group (Fig. 1) could be supported by the presence in these two taxa of some plesiomorphic structures recognized in fossil Phlebotomites species (120 MYA), such as rounded wings, a complete inter-ocular suture, legs ratios, as well as the unusual feature of rods near the sperm pump (Lewis 1982) . The similarities of these taxa with fossil records of 120 MYA (Lewis 1982) , and their external positions on either phenetic (this paper) or cladistic trees (Rispail 1990 , Galati 1992 , lend support to the idea that they existed in Gondwana before continental fragmentation, and that their populations would have been subjected to division as the continental plates began to separate. According to this hypothesis, they could be assembled within the same separate, sister taxon.
The subgenus Australophlebotomus is restricted to the Australasian region. It was classified by Lewis and Dyce (1982) as a subgenus of Phlebotomus, but our study indicated relatively more affinities of Australophlebotomus with South American than with Afrotropical species (Fig. 1 ). There were fewer electrophoretic differences with the NW genus Lutzomyia (Jaccard 0.81, Table III below diagonal) and related subgenera (0.81-0.82) than with Phlebotomus (0.85) or Spelaeophlebotomus (0.94). Remarkably, there was a very low metric distance with the genus Warileya (Mahalanobis 293, Table III above diagonal), which parallels the observation of primitive characters, as those described for Warileya, in some Australophlebotomus species (Lewis 1982 , Lewis & Dyce 1982 . The relatively lower divergence between Australophlebotomus and South American taxa could be attributed to either convergence or common ancestry. For other insects, morphological similarities between Australasian and South American taxa were related to possible exchanges during (Moore 1978 , Parsons 1996 . Lewis and Dyce (1982) suggested a Southern origin for Australophlebotomus, and regretted the absence of available data about the Chilean fauna. For this reason we included in our material the Lutzomyia subgenus Oligodontomyia restricted to the south-western parts of South America, including Chile (Galati 1995) . However, our data provided no clear evidence of close similarity between Oligodontomyia and Australophlebotomus (Jaccard 0.82/Mahalanobis 944, see Table III ).
The close proximity of Phlebotomus and Lutzomyia accords with their lack of relevant morphological differences (see Abonnenc & Leger 1976) . According to Ashford (1991) , these two genera were defined on the unique criterion of geography. Partial ribosomal sequences comparisons showed that some species of Phlebotomus could indeed cluster with some Lutzomyia species (Depaquit et al. 1998 ). Coincidentally or not, they are the sole genera containing Leishmania vectors. Our measurements of proteic and metric divergence showed that they were closer together than they are to their corresponding subgenera (Spelaeophlebotomus, Australophlebotomus, and Oligodontomyia, Psychodopygus, respectively). It is worth noting that this unexpected proximity was predicted by the hypothesis of a Neotropical origin of the genus Leishmania (Noyes 1998) .
How far our phenetic approach contains relevant phylogenetic information is however a matter of chance. Provided that the rate of gene substitution does not vary greatly among evolutionary lineages, the UPGMA tree-making method based on electrophoretic data usually contains reliable phylogenetic information (Nei 1987 p. 311, SoleCava et al. 1994 . On the other hand, since discriminant analysis of metric data focuses upon "unshared" variation (Pimentel 1992) , which may be considered apomorphic variation (Sorensen & Foottit 1992) , it also could portray phylogenetic relationships (Sorensen 1992) . In this application, discriminant analysis is poorly affected by nonnormality and heteroscedasticity, unless the sample sizes are strongly unequal (Pimentel 1992) . Our data regarding OW taxa were in agreement with the cladistic approach proposed by Rispail and Leger (1998a) . However, the pairing of Phlebotomus and Lutzomyia should be regarded with caution, since a phenetic approach could be seriously invalidated by homoplasy, convergence, or by strongly unequal evolutionary rates. This prevented us from proposing a new classification to replace the current one. We believe that to help answer these questions, true cladistical methods should be used (Rispail & Leger 1998a,b) , based on relevant and practicable outgroups. In this regard, our data, as well as previous ones (Rispail 1990 , Galati 1992 , suggest that Warileya and/or Spelaeophlebotomus could be interesting candidates.
There is no doubt that DNA sequencing should provide more accurate estimations of genetic divergences among main groups of sand flies, however such data are presently lacking. Besides, isoenzyme electrophoresis techniques suffer from practical constraints such as accessibility to frozen material, which makes it difficult to assemble specimens from different continents. Also, it is important to gather more information on various representatives of the main sand fly taxa, including the large genus Sergentomyia which we did not study. Thus, morphologic and morphometric studies on adults should be further explored, and could be also improved by the use of larval characters (Vattier-Bernard 1971 , Parsons 1996 . Other candidate characters, such as the spermatozoa (Dallai et al. 1984 ) and the chromosomal structures (White & Killick-Kendrick 1976) , should be considered, along with molecular data, to provide a more complete analysis (Rangel et al. 1996) .
